In chickpea, trichomes provide a potential resistance mechanism against Helicoverpa armigera (Hübner). The present study was conducted to evaluate the trichome density and trichome length on leaves and pods on nine genotypes of chickpea. Two types of trichomes were observed, i.e non-glandular (on leaves) and glandular (pods). Few glandular trichomes were observed on leaves and a very few non-glandular trichomes were observed on pods. Highest number of non-glandular trichomes on leaves (33.66 trichomes/mm 2 ) were observed in chickpea genotype 5282. Minimum number of glandular trichomes were observed on pods of genotype GL 25016 (12.66 glandular trichomes per mm 2 ). In case of leaves, genotypes ICCL 86111 and GL 25016 recorded maximum non-glandular trichome length of 347.23 and 301.53 µm, respectively. However, genotypes GL 25016 , RSG 963 and 5282 recorded maximum glandular trichome length of 538.33, 564.97 and 432.61 µm, respectively in pods. Density of non glandular trichomes on leaves showed significant and negative correlation with number of eggs, larval population, larval survival and per cent pod damage. However, density of glandular trichomes on pods showed significant and positive correlation with number of eggs , larval population of H. armigera, larval survival and pod damage. Length of non-glandular trichomes on leaves and glandular trichomes on pods showed non-significant and negative correlation with number of eggs, larval population of H. armigera, larval survival and pod damage. Hence, genotypes with more pubescent leaves, lesser pubescent pods and longer trichomes (both on leaves and pods) should be preferred for developing H. armigera tolerant chickpea genotypes.
INTRODUCTION
Chickpea (Cicer arietinum Linn.), also known as Bengal gram is one of the most important pulse crops of India and is considered as "king of pulses". It is a source of high quality protein for the people in many developing countries, including India (Bhatt and Patel 2001) . In India, chickpea was grown on 8.25 m ha area with a production of 7.17 mt (Anonymous, 2015) . In Punjab, chickpea was grown in an area of 1.8 thousand ha with a production of 1.9 thousand tonnes with an average yield of 10.85 quintals per hectare during 2016 -17 (Anonymous, 2016) . In India, gram pod borer, Helicoverpa armigera (Hübner) is a serious and devastating insect pest of chickpea, affecting both quality and yield (Sharma, 2005) . A single H. armigera larva is capable of destroying upto 30 pods before it reaches maturity (Ali et al., 2009 ) and yield losses due to the pest may range from 70 to 95 per cent (Prakash et al., 2007) . Insecticides have been widely used for controlling this pest on different crops, but undesirable side effects of synthetic insecticides, including development of resistance, have necessitated a shift to more eco-friendly approaches for controlling this pest (Kranthi et al., 2002) . Host plant resistance (HPR) can , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org play a major role in controlling H. armigera damage and development of improved chickpea varieties with resistance or tolerance to Helicoverpa is highly useful for minimizing its damage to crop. Several chickpea genotypes with low to moderate levels of resistance have been identified in the past (Sharma et al., 2007) . Trichomes and trichome exudates on plant surfaces play an important role in the host selection process of insect herbivores (Bernays and Chapman 1994) . Several morphological traits such as leaf and pod trichome length and density, pod wall thickness seem to influence Helicoverpa infestation in chickpea (Ujagir and Khare, 1987) . The types of trichomes and their orientation, density and length have been correlated with reduced insect damage in several crops (Peter et al 1995) . They could, therefore, provide a potential resistance mechanism against H. armigera and other pests of chickpea. Keeping this in view, the present study was conducted to elucidate the role of morphological traits in imparting resistance to H. armigera in chickpea.
MATERIALS AND METHODS
The experiment was conducted at the Electron Microcopy and Nanotechnology Laboratory, Punjab Agricultural University, Ludhiana, for rabi season 2013. The experiment was conducted at the experimental area of Pulses Section, Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana and nine genotypes of chickpea were grown in open field conditions. Average maximum temperature for the months of November, December, January, February and March was 25.75, 19.75, 17.3, 18.975 and 24.4 C respectively and minimum was 9.725, 7.425, 6.725, 7 .6 and 11.6 C, respectively and average relative humidity was 64.5, 74.5, 78, 76.5 and 73.25 per cent, respectively during the year 2013-14. The following nine genotypes of chickpea were screened against H. armigera infestation in relation to leaf and pod morphological traits: ICCV 10, ICC 10393, GL 26054, GL 25016, RSG 963, 5282, ICCL 86111 (check) , ICC 3137 (check) and L550 (check). The experiment was laid out in a randomized block design with three replications. The seeds of respective genotypes were sown and normal intercultural operations were done. In order to study the trichomes density and length on pods and leaves of chickpea genotypes, observations were recorded from fully expanded leaves and fullgrown, green pods. The plant material was fixed and imaged under Scanning Electron Microscope (SEM) as per Bozzola and Russell (1999) . Fresh leaves of each test genotype were collected and immediately immersed in individual vials containing 2.5 per cent glutaraldehyde solution for primary fixation and kept overnight at a temperature of 4°C. the leaf specimens were then washed thrice with distilled water. For secondary fixation, the specimens were immersed in 4 per cent osmium tetraoxide solution for a period of 2-4 hours at 4°C. After post-fixation, the specimens were again washed thrice (each washing of 5 to 10 minute duration) using distilled water. Dehydration of the specimen discs was performed using different grades of ethanol (25, 50, 70, 95 and 100%) each for a period of 20 minutes whereas the final dehydration (with 100% ethanol) was performed for 30 minutes. The specimens were dried to critical point in CO 2 at 5°C and mounted on aluminum stub using double-sided carbon tape. Each specimen leaf disc was mounted with its lower surface up allowing the lower epidermal surfaces of each leaf to be examined. The mounted leaf specimens were sputter-coated with a think layer of gold using an automated sputter coater. Finally, the specimens were examined and imaged using Hitachi S-3400N Scanning Electron Microscope operated at an accelerating voltage of 15 kV using secondary electron detector. Similar procedure was followed for imaging the samples of pods of test genotypes. Trichome density (both glandular and non-glandular) was calculated by counting the number of trichomes per mm 2 . Trichome length was also evaluated from the images taken on which length sealing was done using computer software (3 replications).
The significance of differences between the treatments was measured by F test at P=0.05, whereas the treatment means were compared using the least significant difference (LSD) at P=0.05. The data pertaining to different biophysical traits was analyzed using ANO-VA to test for significance among different genotypes. The biophysical traits were subsequently correlated with per cent pod damage, grain yield and larval weight gain using simple linear regression analysis.
RESULTS AND DISCUSSION
Trichome Density on leaves and pods : The mean trichome density on leaves of chickpea genotypes ranged from 16 to 33.66 trichomes per mm 2 and varied significantly (C.D. 5%) among different genotypes ( 23.33, 22.33, 22.66, 20.66, 17.66 and 16 .00 trichomes / mm 2 respectively. The variation in non-glandular trichome density on leaves in chickpea genotypes has been depicted in Fig.1 . Girija et al (2008) also evaluated the biophysical mechanisms of resistance in 19 genotypes of chickpea for pod borer resistance and found that tolerant genotypes had higher number of trichomes on leaves. Similarly, Sharma and his coworkers (2009) reported that resistance of Cajanus spp. to Helicoverpa armigera is directly proportional to density of non-glandular trichomes present on the leaves. The number of trichomes on leaves showed a negative significant effect of damage by H. armigera (Kanchana et al., 2005) . Jagtap et al (2014) at Gujarat reported that genotypes of pigeonpea having nonglandular pod trichomes were least favoured by the larvae of H. armigera than genotypes having glandular pod trichomes. Sunita et al (2013) also confirmed that genotypes having more number of trichomes per unit area recorded less pod damage due to Maruca vitrata in pigeonpea and a non-significant negative correlation was observed between trichome density and pod damage due to M. vitrata (r = -0.209). Johnpeter et al (1995) investigated that the tolerant genotypes viz., ICCL 87315, ICC 506 and ICC 12479 with higher number of trichomes exhibited less percent pod damage, while susceptible genotypes viz., Annigeri and ICCV 2 with lesser number of trichomes showed higher pod damage. Ascensao and his co-workers in 1995 reported that higher densities of non glandular trichomes may also act as a physical barrier to feeding by H.armigera larvae. In case of pods, the density of glandular trichomes was taken into consideration. , respectively. The variation in glandular trichome density on pods in chickpea genotypes has been depicted in Fig.2 . Variation in larval survival of H.armigera in relation to trichome density on leaves of chickpea genotypes has been depicted in fig.5 . Per cent pod damage in relation to trichome density on pods of chickpea genotypes has been depicted in fig. 6 . The present findings are in contrast with the work done by Hossain et al (2008) who observed that pod trichome density had negative correlation (y = -14.274x + 25.861; R2 = 0.175) to pod borer damage in chickpea. Also, Shanower and his coworkers in 1997 found that trichomes on pods of Cajanus spp. to be an important resistance mechanism against H. armigera and suggested that increasing the density of non-glandular trichomes in pigeonpea pods could reduce damage and losses due to pod feeding insect pests. Green et al (2003) reported that high density of glandular trichomes increases the vulnerability of host plant to H.armigera to feed on the pod because of the reason that the exudates from these trichomes contain a feeding stimulant for larvae. Shabbir et al (2014) reported genotypes which had higher pod trichome density and pod wall thickness were more resistant. Sharma et al. (2009) at Andhra Pradesh also reported that glandular trichomes (type A) on the calyxes and pods were associated with the susceptibility to H. armigera, while the non-glandular trichomes were associated with resistance to this insect. Veeranna and Hussain (1997) observed that with increased density of non-glandular trichomes on pods, the damage due to pod feeding insects was reduced in pigeon pea. Peter (1995) also confirmed that pigeonpea non-glandular trichomes are one of the critical factors for the pod borer antibiosis and antixenosis mechanisms. Katti and Bhatia (1993) observed the influence of pod characters on pod damage by H armigera. Trichome length on leaves and pods: Length of only non-glandular trichomes were considered in case of leaves. The length of non-glandular trichomes ranged from 211.86 to 347.23 mm on leaves (Table 2) Figure 3 and 4, respectively. Kalyani et al (2017) confirmed that trichome length was significant and negatively correlated (r = 0.833) with pod infestation. Shabbir et al (2014) also reported that genotypes with higher trichome length, are more resistant. These results are in agreement with the studies of Hossain et al (2008) who observed that the chickpea pods having longer trichomes received lower pod borer damage. Peter et al (1995) reported that the length of pod trichomes in pigeonpea provided potential host plant resistance mechanism to H. armigera. Pods with longer trichomes might provide physical barrier to feeding by pod borer. Trichome density of non glandular trichomes on leaves showed significant and negative correlation with number of eggs, larval population, larval survival and per cent pod damage (r= -0.76, -0.77*, -0.78* and -0.67*, respectively) indicating that more the trichome density or leaf pubescence, lesser would be the number of H. armigera eggs, larval population, larval survival and pod damage (Table 3) . Thus, pubescent chickpea genotypes were less preferred for feeding and oviposition by H. armigera as compared to glabrous ones. However, trichome density of glandular trichomes on pods showed significant and positive correlation with number of eggs and larval population of H. armigera, larval survival and pod damage (r=0.75, 0.75, 0.76 and 0.69, respectively) indicating that more the glandular trichome density on pods, more would be the number of H. armigera eggs, larval population, larval survival and per cent pod damage. Thus less pubescent chickpea genotypes were less preferred for feeding and oviposition by H. armigera as compared to glabrous ones. Trichome length of non-glandular trichomes on leaves and glandular trichomes on pods showed nonsignificant and negative correlation with number of eggs, larval population of H. armigera, larval survival and pod damage (r=-0.62, -0.61, -0.62 and -0.50, respectively) indicating that more the non-glandular and glandular trichome length on leaves and pods respectively, lesser would be the number of H. armigera eggs, larval population, larval survival and per cent pod damage.
Conclusion
Results on varietal ranking of chickpea genotypes showed that all the genotypes showed variable response. (0.16, 0.16, 0.16, 0.17 and 0.17 g, respectively) were also found less in these genotypes. The combined action of different traits might be operating in these genotypes. Hence, genotypes with more pubescent leaves, lesser pubescent pods and longer trichomes (both on leaves and pods) should be preferred. These genotypes can be used as resistant sources in breeding programmes to enhance resistance / tolerance to pod borer in commercial cultivars. 
